Objectives-To analyse quantitatively the relations of spirometric lung function (forced vital capacity (FVC)) to radiographic interstitial pulmonary fibrosis (assessed by the International Labour Organisation (ILO) profusion score of small irregular opacities) in two large workforces exposed to different intensities of asbestos. These analyses consider the question whether a similar profusion score in differently exposed workers is associated with a similar effect on lung function. Methods-Surveys of two workforces, insulators (n = 2611) and sheet metal workers (n = 1245), by the same investigators allowed comparison of the effects of the two levels of exposure to asbestos. The two groups were of similar age and had similar percentages of non-smokers and smokers. All radiographs were read by the same expert reader. Results-Consistent with their less continuous and less intense exposure to asbestos, metal workers had: (a) far less frequent radiographic asbestosis (profusion score > 1/0, 17-5% v 59-6% for insulators); (b) less severe radiographic asbestosis (only 1-1% had scores > 2/1 v 13-3% of insulators); (c) a similar slope to that seen in insulators for the relation between FVC and profusion score when pleural thickening was absent; (d) Despite similar ages, durations of occupational exposure, and smoking histories, metal workers have radiographic interstitial fibrosis less often and less severely, consistent with a less intense exposure to asbestos, as may be expected from the nature of their work compared with insulators.
Abstract
Objectives-To analyse quantitatively the relations of spirometric lung function (forced vital capacity (FVC)) to radiographic interstitial pulmonary fibrosis (assessed by the International Labour Organisation (ILO) profusion score of small irregular opacities) in two large workforces exposed to different intensities of asbestos. These analyses consider the question whether a similar profusion score in differently exposed workers is associated with a similar effect on lung function. Methods-Surveys of two workforces, insulators (n = 2611) and sheet metal workers (n = 1245), by the same investigators allowed comparison of the effects of the two levels of exposure to asbestos. The two groups were of similar age and had similar percentages of non-smokers and smokers. All radiographs were read by the same expert reader. Results-Consistent with their less continuous and less intense exposure to asbestos, metal workers had: (a) far less frequent radiographic asbestosis (profusion score > 1/0, 17-5% v 59-6% for insulators); (b) less severe radiographic asbestosis (only 1-1% had scores > 2/1 v 13-3% of insulators); (c) a similar slope to that seen in insulators for the relation between FVC and profusion score when pleural thickening was absent; (d) less frequent pleural fibrosis (36% v 75%); and (e) less frequent restrictive impairment (23% v 33%). In both insulators and metal workers, lung function was below normal even when lung fields were normal, FVC fell with increasing profusion, it was lower in smokers and in those with pleural thickening at comparable profusion scores, and there was no difference in FVC between scores 0/1 and 1/0. Conclusion-The decrease in FVC with increasing profusion score in both workforces as well as the similar slopes for the relation between FVC and profusion score and the similar FVC at similar scores m the absence of pleural thickening confirm the ILO profusion score as an acceptable assessment of pulmonary fibrosis.
(Occup Environ Med 1996;53:808-8 12) Keywords: spirometry; fibrosis; asbestos; International Labour Organisation classification Of the many workforces exposed to asbestos in North America investigated by the Pulmonary/ Occupational Medicine Group at the Mount Sinai Medical Center in New York, the two largest have been insulators and sheet metal workers. We described the radiographic' 2 and spirometric findings in insulators3 and radiographic findings in metal workers. 4 We then assessed, for insulators, the relation between the International Labour Organisation (ILO) profusion score of small irregular opacities as a radiographic index of interstitial fibrosis and the forced vital capacity (FVC) as a physiological index of interstitial fibrosis.9
Despite similar ages, durations of occupational exposure, and smoking histories, metal workers have radiographic interstitial fibrosis less often and less severely, consistent with a less intense exposure to asbestos, as may be expected from the nature of their work compared with insulators.
In this report, we describe the relation between profusion score and FVC in metal workers, compared with insulators. We considered the question whether the relations between the radiographic and physiological indices of interstitial fibrosis are different in these two workforces with similar demographic features but different intensities of exposure to asbestos. Never-smokers were defined 5 as people who smoked less than one cigarette a day, had smoked < 10 cigarettes a day for < 6 months, or smoked only cigars and pipes, which are not inhaled. Current smokers exceeded these limits. Ex-smokers exceeded these limits and had discontinued smoking more than two years previously. For many statistical analyses, current and ex-smokers were combined (positive smoking history).
Methods
All radiographs were read with the latest without pleural abnormalities. However, there were only seven metal workers who did not have pleural thickening with profusion scores > 1/0 (all of whom were smokers). This made model (2) unproductive.
Results
Although the two workforces have long durations of exposure and similar frequencies of smoking, tables 1 and 2 show that more metal workers had longer exposures and fewer were current smokers. Table 3 and fig 1 show that the distribution of profusion scores was notably skewed towards the normal in metal workers: 71A4% of whom had a profusion score of 0/0 v 15-9% of insulators, whereas only 1-1% had a profusion score > 2/1 v 13-3% of insulators. Table 4 shows that FVC fell with increasing profusion score in metal workers (as has been shown in insulators') with a P = 0 0003 for the overall relation. Although no one score had a significantly different FVC from an adjacent score, the FVC for readings > 1/2 was significantly lower than the FVC for scores 1/1 (P < 0 006). However, the slope of the decrease in FVC was significantly less in metal workers than in insulators (P < 0-0006).
As documented for insulators, the FVC in metal workers was no lower for a score of 1/0 than for a score of 0/1, and unequivocally normal lung fields (scores 0/-or 0/0) were associated with a considerably lower FVC (8800% of predicted) than the expected value of 100% of predicted. Table 5 shows the relation between FVC and profusion score in the two workforces divided into non-smokers and smokers. Values for FVC in metal workers who did not smoke showed no relation to profusion score in the narrow range of scores found in non-smokers; only four metal workers who did not smoke had scores > 1/1. Values of FVC in smokers were consistently lower than those of non-smokers, as has been reported for insulators. The difference between all metal workers who smoked (8633% of predicted) and did not smoke (9077% of predicted) was 4o4% of predicted, very similar to the difference of 4-7% of predicted previously reported for insulators.
The difference in FVC between metal workers and insulators is significant both for nonsmokers (90.7% v 86.5% of predicted; P 0 0008) and for smokers (86.3% v 81 8'So, P <00001). Table 6 shows the relation between FVC and profusion score in the absence and in the presence of pleural thickening. Values for FVC were consistently lower at each profusion score (with the exception of 0/1) in the presence of pleural thickening, as has been reported for insulators. The difference in FVC between all metal workers with pleural thickening (84-40o of predicted) and all those without pleural thickening (88.9% of predicted) was 4-5% of predicted (v 8.5% of predicted reported for insulators). In the absence of pleural thickening, metal workers and insulators showed no difference in the decrease of the slope in FVC with increasing score, whereas a significant difference was noted between metal workers and insulators with pleural thickening (P 0-005). Relation ofspirometric function to radiographic interstitialfibrosis in two large workforces exposed to asbestos (table 8) , there was a highly significant effect on FVC for smoking (P < 0-0001), a highly significant effect for pleural thickening (P <s 00001), a significant effect for insulators v metal workers, and a significant effect for profusion in insulators (P < 0-01). In this model, each increment in the seven point scale of profusion scores was associated with a decrease in FVC of 0 55% of the predicted value in metal workers and 1-68% in insulators, reflecting the confounding effect of pleural thickening in the insulators. Tables 9 and 10 show the contrasting prevalences of spirometric impairment for insulators and metal workers. For all workers, the prevalence of restriction was greater in insulators (33% v 23%, P < 0-011), whereas the prevalence of obstruction was slightly greater (10% v 7%) and dysfunction of isolated small airways was less (18% v 24%, P < 0 00 1). This pattern was found in both smokers and non-smokers, and in those with and without pleural thickening.
Differences in frequencies of spirometric impairment were found between metal workers who were non-smokers and smokers (table 10) for normal lung function (51% v 32%, P t< 0-001), obstructive (3% v 9%, P < 0-001), combined (2% v 12%, P < 0-001), decreased FEV,/FVC (5% v 20%, P s 0-001), and decreased FVC (26% v 34% P s 0-010). The frequency of restrictive impairment was similar (23% v 24%).
Restriction was more common in metal workers with pleural thickening (30% v 20%, table 10) but obstruction and dysfunction of isolated small airways were not.
As profusion increased within the low range of scores in metal workers (only 1. (5) The FVC was lower in the presence of pleural thickening, although less so than in insulators, reflecting both the less severe pleural thickening in metal workers and its smaller functional impact. 3 Prevalence of restrictive impairment was less in metal workers than in insulators (23% v 33%), as was the prevalence of decreased FVC (33% v 44%), reflecting less burden of disease related to asbestos in metal workers. As in insulators, obstruction (3%) and decreased FEVI/FVC (5%) were uncommon in nonsmokers. Restriction by itself was not more common in smokers, although obstruction and combined impairment were.
The differences in exposure, and in its effects, in the two workforces permitted us to consider the question whether a similar radiographic score for parenchymal fibrosis may be associated with a different reduction in FVC.
Both linear and multiple regression analysis showed a significantly smaller decrease in FVC with each increment in profusion score in metal workers than the insulators. This finding was noted in both smokers and non-smokers, suggesting that it was related to the differences in exposure to asbestos rather than to a fibrogenic interaction between smoking and exposure. It may be that the greater decrement in FVC with increasing profusion of parenchymal infiltrates found in insulators with pleural thickening compared with metal workers with pleural thickening is related to an effect of the pleural thickening, as it is more extensive in insulators. This suggestion is consistent with the similar slope in FVC between metal workers and insulators in the absence of pleural thickening. However, there were simply too few metal workers without pleural thickening who had higher profusion scores to allow comparison with insulators over the range of scores found in insulators.
Conclusion
The decrease in FVC with increasing profusion score in both workforces as well as the similar slopes for the relation between FVC and profusion score and the similar FVC at similar scores in the absence of pleural thickening confirm the ILO profusion score as an acceptable assessment of pulmonary fibrosis.
